Objective: Autoimmune hepatitis (AIH) is a liver disorder that affects both children and adults. It is characterized by inflammatory liver histology, elevated transaminase level, circulating nonorgan-specific autoantibodies, and increased level of immunoglobulin G in the absence of known etiology. Ventricular repolarization has been evaluated using T wave and QT interval measurements in patients with hepatic cirrhosis. Ventricular repolarization may be defined using QT interval, QT dispersion, and T wave measurements. Recently, it has been demonstrated that peak and end of the T wave (Tp-e) interval, Tp-e/QT, and Tp-e/corrected QT interval (QTc) ratios can be novel indicators for prediction of ventricular arrhythmias and mortality. In this study, an investigation of ventricular repolarization using Tp-e interval and Tp-e/QT ratio in patients with AIH was performed.
patients. [2] Persistent failure to respond or lack of adherence to treatment result in end-stage liver disease. [2] Some patients may require liver transplantation. [1] Myocardial repolarization has been assessed using various methods, including QT dispersion (QTd) and corrected QT dispersion (cQTd). The interval between the peak and the end of T wave (Tp-e) on electrocardiogram (ECG) can be used as an index of total (transmural, apicobasal, and global) dispersion of repolarization [3, 4] and it is related to sudden cardiac death risk. [5, 6] Increased Tp-e interval might predict ventricular tachyarrhythmias and cardiovascular mortality. [7, 8] Tp-e interval is affected by variations of body weight and heart rate. [9] Therefore, Tp-e/corrected QT interval (QTc) ratio is another parameter used as an electrocardiographic index of ventricular arrhythmia. [9] Tp-e/QT is not affected by alterations in heart rate. [9, 10] Although ventricular repolarization was previously evaluated using T wave and QT interval measurements in patients with hepatic cirrhosis, [11] repolarization indexes Tp-e interval and Tp-e/QT ratio have not been studied in patients with autoimmune hepatitis. This case-control study was conducted to demonstrate Tp-e interval, Tp-e/ QT ratio, and Tp-e/QTc in patients with autoimmune hepatitis.
METHODS

Study population
This study was conducted by members of the gastroenterology and cardiology departments of tertiary hospital between January 2010 and June 2015. Files of patients with AIH were analyzed retrospectively, and 31 AIH patients were enrolled in the study. Clinical data, including serological and follow-up data, were obtained from hospital records for all cases. Thirty-one healthy patients who presented at gastroenterology department for routine physical examination were defined as control group.
AIH diagnosis was made based on clinical, laboratory, and histological findings. Autoantibodies (antinuclear antibodies, antismooth muscle antibodies, anti-liver-kidney microsome-1 antibodies, and/or anti-soluble liver antigen/liver-pancreas) were studied in patients with elevated transaminase and immunoglobulin G or gammaglobulin, and cutoff titers were 1:40. All patients were screened for viral hepatitis and patients positive for hepatitis B surface antigen or hepatitis C antibody were excluded. Percutaneous liver biopsy was done in all patients for whom there was suspicion of AIH. Final AIH diagnosis was made with previously defined simplified criteria. [12] Patients with early stages of cirrhosis were also excluded from the study.
Patients with coronary artery disease, malignancy, hematological or renal disease, moderate to severe heart valve disease, segmental wall motion abnormality or left ventricular ejection fraction (LVEF) below 50% on echocardiography, complete or incomplete bundle branch block, pre-excitation syndromes, atrioventricular block, atrial fibrillation and pacemaker rhythm on electrocardiography were also excluded from the study. All patients were in sinus rhythm at admission. The study was performed in compliance with the principles outlined in the Declaration of Helsinki and approval for the study was obtained from the institutional review board and ethics committee of the hospital.
Electrocardiography
Twelve-lead ECG was performed at paper speed of 50 mm/second with the patient at rest in supine position. Resting heart rate was then measured from ECG data. ECG measurements of QT and Tp-e intervals were performed manually by 2 different cardiologists to decrease error measurements. All ECG data were scanned and transferred to personal computer and used for x400% magnification with Adobe Photoshop software (Adobe Systems, Inc., San Jose, CA, USA). ECG measurements of QTc and Tp-e intervals were performed by 2 cardiologists who were blinded to patient data. Subjects with U wave on their ECG were excluded from the study. Average value of 3 examinations was calculated for each lead. QT interval was measured from beginning of QRS complex to end of T wave, and corrected for heart rate, using Bazett's formula. [13] [14] [15] [16] Tp-e interval was defined as interval from peak of T wave to end of T wave. Measurements of Tp-e interval were performed from precordial leads. Tp-e/QT ratio was calculated from these measurements. 
Statistical analysis
Statistical analysis was performed with IBM SPSS
RESULTS
Baseline clinical characteristics and laboratory parameters of the groups are provided in Table 1 Cardiovascular autonomic dysfunction has been described in both chronic alcoholic and non-alcoholic liver disease, including primary biliary cirrhosis and chronic hepatitis C virus infection. [19, 20] Autonomic dysfunction in a patient with chronic hepatitis B was found by Demir et al. using heart rate variability. [21] Some studies have reported that total mortality of patients with viral hepatitis, such as hepatitis C, was greater than that of healthy persons. [22] Although cause of increased incidence of cardiovascular disorders and mortality are not entirely understood in these patients, autoimmunity might be related factor. [22] Furthermore, increased cardiovascular death has been demonstrated in patients with viral hepatitis when compared with controls in previous studies. [22] The underlying mechanism for cardiovascular events may be due to arrhythmia incidence in these patients.
Recently, Akboga et al. reported that Tp-e interval and Tp-e/QT ratios were increased in parallel to severity of liver cirrhosis. [11] They suggested that Tp-e interval and Tp-e/QTc ratio may be novel and useful indicators for prediction of arrhythmia in liver cirrhosis. [11] Many factors may be responsible for prolongation of Q-T interval in acquired conditions, such as electrolyte abnormalities, myocardial ischemia, alcohol toxicity, and autonomic imbalance with sympathetic nervous system hyperactivity. [23, 24] Elevated plasma concentration of bile salts might also cause cardiac function abnormalities. [25, 26] Although this study did not included cirrhotic patients, QT dispersion parameters were disturbed, which can be cause ventricular 0.12±0.01; p<0.001) and Tp-e/QTc ratio (0.17±0.02 vs. 0.11±0.01; p<0.001) were significantly higher in patients with AIH than controls.
DISCUSSION
In this study, it was demonstrated that Tp-e interval and Tp-e/QTc ratio, as indices of ventricular arrhythmogenesis, were significantly higher in patients with AIH compared with healthy controls. Our results may contribute to the knowledge of pathophysiological mechanisms of increased prevalence of ventricular arrhythmias in patients with hepatitis.
Tp-e interval and Tp-e/QT ratio have emerged as novel ECG markers for increased dispersion of ventricular repolarization. [6, 13, 14, 17, 18] Furthermore, as Tp-e/ QT ratio is not affected by changes in body weight or heart rate, it is thought to be a more sensitive index of arrhythmogenesis compared with single use of either the Tp-e or QT intervals. [9] Many studies have reported association between prolonged Tp-e interval and ventricular arrhythmogenesis and sudden cardiac death. [7, 15] Moreover, electrophysiological studies have shown that prolonged Tp-e interval was associated with ventricular tachycardia induction and spontaneous occurrence of ventricular tachycardia. [8, 16] Higher Tp-e/QT ratio has been associated with arrhythmic events in many clinical conditions, such as Brugada syndrome, long-QT syndromes, and hypertrophic cardiomyopathy. [9] arrhythmia. Furthermore, our results may contribute to pathophysiological mechanisms of increased incidence of ventricular arrhythmia and cardiovascular mortality risk in patients with AIH.
Our study has some limitations. This study had relatively small sample size and is single-center study. Long-term follow-up and large-scale prospective studies are needed to investigate predictive value of the Tp-e interval and Tp-e/QT ratio in patients with AIH.
Our study has demonstrated that Tp-e interval, Tp-e/QT, and Tp-e/QTc ratios were greater in patients with AIH. Tp-e interval, Tp-e/QT, and Tp-e/QTc ratios are simple, easily accessible, inexpensive, and noninvasive methods that can be useful index for left ventricular dysfunction that causes arrhythmia in patients with AIH.
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